Pathogenesis of Edema
Background. The pathogenesis of sodium and water accumulation in chronic constrictive pericarditis is not well understood and may differ from that in patients with chronic congestive heart failure due to myocardial disease. This study was undertaken to investigate some of the mechanisms.
Methods and Results. Using standard techniques, the hemodynamics, water and electrolyte spaces, renal function, and plasma concentrations of hormones were measured in 16 patients with untreated constrictive pericarditis and were measured again in eight patients after pericardiectomy. The average hemodynamic measurements were as follows: cardiac output, 1 .98 I/mini2; right atrial pressure, 22.9 mm Hg; pulmonary wedge pressure, 24.2 mm Hg; and mean pulmonary artery pressure 30.2 mm Hg. The systemic and pulmonary vascular resistances (36.3±2.5 and 3.2±0.3 mm Hg* min. m2/l, respectively) were increased. Significant increases occurred in total body water (36%), extracellular volume (81%), plasma volume (53%), and exchangeable sodium (63%). The renal plasma flow was only moderately decreased (49%), and the glomerular filtration rate was normal. Significant increases also occurred in plasma concentrations of norepinephrine (3.6 times normal), renin activity (7. 2 times normal), aldosterone (3.4 times normal), cortisol (1.4 times normal), growth hormone (21.8 times normal), and atrial natriuretic peptide (5 times normal). The ratio of left atrial to aortic diameter measured by echocardiography was only minimally increased (1.29±+0.04), indicating that in constrictive pericarditis the atria are prevented from expanding. The studies repeated after pericardiectomy in the eight patients showed that all measurements returned toward normal.
Conclusions. The restricted distensibility of the atria, in constrictive pericarditis, limits the secretion of atrial natriuretic factor and, thus, reduces its natriuretic and diuretic effects. This results in retention of water and sodium greater than that occurring in patients with edema from myocardial disease. The arterial pressure is maintained more by the expansion of the blood volume than by an increase in the peripheral 
Plasma Hornones
Plasma hormones were assayed on a 30-ml blood sample drawn from a forearm vein after the patients had been recumbent for 30 minutes. The techniques are described in detail elsewhere.46 Plasma norepinephrine and epinephrine levels were measured by high-performance liquid chromatography with electrochemical detection. Levels of plasma renin activity, aldosterone, vasopressin, cortisol, growth hormone, ANP, and prolactin were measured by radioimmunoassay.
The studies were performed after obtaining written, informed consent from the patients. The study was approved by the ethics committee of the Postgraduate Institute of Medical Education and Research.
Statistical Analysis
The data are presented as mean+SEM. The significance of the difference between various parameters in constrictive pericarditis, control subjects, and congestive heart failure patients was estimated with the Wilcoxon nonparametric test. The effect of pericardiectomy on hemodynamics, body fluid compartment, and hormones was analyzed by the same technique with paired observations.
Results

Effects of Untreated Constrictive Pericarditis
The hemodynamic, water and sodium spaces, renal functions, and the plasma hormone data of the patients with untreated constrictive pericarditis are given in Tables 1, 2 , and 3 and in Figure 1 . In these *These patients were also studied after pericardiectomy (see Table 4 ). Congestive heart failure data are from Reference 4. HR, heart rate; RAP, right atrial pressure; PAP, mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; AoP, mean aortic pressure; CI, cardiac index; PVR, pulmonary vascular resistance: (PAP-PAWP)/CI; SVR, systemic vascular resistance: (AoP-RAP)/ CI; CP, constrictive pericarditis. tables and Figure 1 , our previously published data4 from normal subjects and from patients with edema associated with severe myocardial disease, obtained using identical methods, are also included.
Hemodynamics. All the patients with constrictive pericarditis had a resting tachycardia. The Figure 1 ).
Water and sodium spaces and renal function. The water spaces were all greatly increased. Total body water increased by 36% above normal, and the increase was accommodated almost entirely in the extracellular space; the former increased by 195 ml/kg, the latter by 185 ml/kg. The increase in the extracellular space was divided between the extravascular and intravascular compartment but not in proportion to their normal volumes; the increase in total extravascular volume was much greater, 88% compared with an increase of 53% in the plasma volume. Total body exchangeable sodium increased by 63%. Renal plasma flow was reduced, averaging 49% of normal. Glomerular filtration rate was, however, maintained at a normal level. Serum levels of sodium, potassium, urea, and creatinine were within normal limits (Table 2 and Figure 1 ).
Plasma hormones. In patients with constrictive pericarditis, there were significant increases in plasma renin activity (7.2 times normal), aldosterone (3.4 times normal), ANP (5 times normal), growth hormone (21.8 times normal), and cortisol (1.4 times normal) (Table 3 ). It is difficult to interpret the concentration of plasma growth hormone in view of the young age of some of the patients. The plasma concentration of norepinephrine was significantly increased (3.6 times normal), but that of epinephrine was not (Table 3) .
Effects of Pericardiectomy
Hemodynamics. The effects of pericardiectomy are listed in Table 4 . Pericardiectomy significantly de- Bar graphs comparing mean +SEM hemodynamic, body compartment, renal function, and plasma hormnone data of patients with constrictive pericarditis, untreated congestive heart failure, and normal controls. Significant differences are noted for constrictive pericarditis vs. normal controls, and constrictive pericarditis vs. congestive heart failure. Congestive heart failure and control data are taken from Reference 4. creased right atrial pressure, pulmonary arterial pressure, wedge pressure, cardiac index, and systemic vascular resistance to normal levels. Pulmonary vascular resistance decreased, but the decrease was not significant.
Water and sodium spaces and renal function. Pericardiectomy substantially and significantly reduced extracellular volume, plasma volume, total body water, and exchangeable sodium, and it significantly increased renal plasma flow (Table 4) . However, none of these measurements had completely reached the normal values shown in Table 2 .
Plasma hormones. Pericardiectomy resulted in a return of plasma concentration of norepinephrine to normal. Plasma concentrations of epinephrine, though never increasing above normal limits, also decreased significantly after the operation. Plasma renin activity decreased in all patients except one (N.S.), in whom it did not change at all. Likewise, aldosterone concentration decreased in every patient, but the decrease was not significant. Vasopressin concentration did not change. The mean plasma concentration of ANP decreased substantially, even though the decrease was not significant, and the levels did not entirely return to normal. The maximum effect of pericardiectomy was seen in patients whose levels were high before operation (B.S., N.S., T.A., and M.A.). In three patients with normal levels or only modest elevations of ANP (V.I., A.K., and P.A.), ANP concentration increased slightly and nonsignificantly after the operation. Growth hormone concentrations decreased in five patients, but the decrease was not significant. In one patient (M.A.), it remained unchanged, whereas it increased nonsignificantly in two (N.S., T.A.). Of note, these three patients were adolescents. The normal levels of growth hormone in growing children in our laboratory range from 40 to 50 ,tg/ml. There was a significant increase in the plasma concentration of prolactin after pericardiectomy, the concentrations of which had been normal before operation. The increase was particularly evident in two young patients (N.S. and T.A.).
Left atrial dimensions. Because the degree of distension of the atria may be an important anatomic distinction between constrictive pericarditis and congestive heart failure due to myocardial disease, we measured the ratio of left atrial to aortic diameter by echocardiography. The ratio was 1.29+±0.04 in the patients with constrictive pericarditis and was 1.80+±0.14 in the patients with myocardial disease (p=0.0015), which confirms that the left atrium is prevented from expanding in constrictive pericarditis. After surgery, the left atrial to aorta ratio (1.19+0.06) did not change significantly from that before surgery. *These patients were also studied after pericardiectomy (see Table 4 ). Congestive heart failure and normal subject data are from Reference 4. ANP, atrial natriuretic peptide; CP, constrictive pericarditis. also decreased, and although these decreases were not significant, they were substantial in some patients. The transient nature of the renin-angiotensinaldosterone response,9 which is subject to feedback control, may explain the great variability. Although the average plasma concentration of ANP decreased substantially, the decrease was not significant, and the levels did not return to normal. The return of neurohormones to normal and of improvement in renal hemodynamics were accompanied by a massive loss of extracellular water and sodium.
Comparison of Findings in Constrictive Pericarditis
With Those '2 This is consistent with the constrictive process limiting the distension of the atria and, thus, the release of peptide, which is mediated by mechanical stretch. 13 The lower plasma concentration of ANP in patients with constrictive pericarditis may explain why, despite a higher renal plasma flow and glomerular filtration rate, they had accumulated a significantly greater quantity of total body water and total body exchangeable sodium than did the patients with myocardial disease. In a previous study, we showed that infusion of ANP into patients with untreated edema from myocardial disease had no effect on plasma hormones or hemodynamics but caused significant natriuresis and diuresis.'4 These findings, therefore, suggest that, although the additional vasodilator influence of high circulating plasma concentrations of ANP is not great, their natriuretic and diuretic influence may be more substantial; the greater salt and water retention seen in patients with constrictive pericarditis may be due to the lower levels of circulating ANP found in these patients.
General Conclusions
Constrictive pericarditis imposes a unique impediment on the circulation. The diminished distensibility of the heart specifically reduces the filling of the ventricles and, thereby, cardiac output. It seems likely that the decreased cardiac output tends to decrease the arterial pressure and, thereby, to induce the stimulation of the sympathetic nervous system and the renin-angiotensin-aldosterone system15'16 in the same way as occurs with myocardial or valvar disease. However, the constrictive process also prevents adequate release of ANP and, thus, may reduce the extent of natriuresis and diuresis due to that hormone. In that way, patients with constrictive pericarditis have a greater expansion of the total body water than do patients with a comparable reduction in cardiac output due to myocardial disease. The arterial blood pressure in constrictive pericarditis is maintained more by an expansion of the blood volume than by an increase in the systemic vascular resistance.
